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LIQUID-LIQUID SYSTEM 
20 ml 2M HCl 
20 ml  of 10% v/v  Hostarex A 324 (R3N) in Exxsol D 100 + 5 % v/v iso-decanol 
T = 20ºC; t= 15 min 
The best condition to cadmium extraction by R3NH
+Cl- in a liquid-liquid system is:  
Organic phase: 10% v/v R3NH
+Cl- in Toluene (without modifier) 
Aqueous phase: 1.0 g/L Cd (II) + 1M HCl  
T= 20ºC; t= 10 min 
Cd (II) extraction by R3NH
+Cl- is an exothermic process and can be explained by an 
anion exchange reaction with the formation of two metal-extractant species  
R3NH
+CdCl3
- and (R3NH
+)2CdCl4
2- in the organic phase 
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1. INTRODUCTION 
Cd 
48 112,41 
Cadmium 
[Kr] 4d10 5s2 
Is used in different 
industries such as:  
PIGMENTS ELECTROPLATING 
CADMIUM may enter  in the 
water system through secondary 
and wastes 
Due its toxicity, it is 
necessary its removal from 
different types of 
effluents. Some extraction 
methods are: 
SOLID SUPPORTED LIQUID 
MEMBRANES 
LIQUID-LIQUID 
EXTRACTION 
CARBON NANOTUBES POTENTIAL SOLID SUPPORTS TO AN 
IMPREGNATION OF  SUITABLE EXTRACTANTS: IONIC LIQUID 
The aim was to reach a practical approach in the removal of cadmium from liquid 
wastes using the ionic liquid TIOACL and liquid-liquid extraction technology, 
furthermore this ionic  liquid was used to impregnate carbon nanotubes  
3. RESULTS AND DISCUSSION 
2. MATERIALS AND METHODS 
IONIC LIQUID GENERATION 
Haq
+ Claq
- + R3Norg  
LIQUID-LIQUID EXTRACTION  
Dcd  was calculated:  
 
Log Dcd = log [Cd]org –log [Cd]aq 
20 ml organic phase  (R3NH
+Cl- ) in the 
adequate dissolved  
20 ml  feed  liquid phase 
T= 20ºC; θ=700 min-1 
EQUILIBRATION TIME 
Organic phase:  
10% v/v R3NH
+Cl- in Exxsol D100 + 5%v/v iso-decanol 
Aqueous phase:  
1.0 g/L Cd (II) + 1M HCl  
T= 20ºC; t= variable; θ=700 min-1  
Equilibrium was achieved within 
5 min. Between 1 and 60 min the 
change was negligible   
TEMPERATURE EFFECT 
Organic phase: 
 10% v/v R3NH
+Cl- in Exxsol D100 + 5%v/v 
iso-decanol 
Aqueous phase: 
1.0 g/L Cd (II) + 1M HCl  
T= 20ºC; t= 10 min; θ=700 min-1 
Decrease of Cd (II) extraction with the 
increase of temperature.  ΔH°= -20 KJ/mol 
ORGANIC DILUENT EFFECT 
Organic phase:  
10% v/v R3NH
+Cl- in each diluent 
Aqueous phase:  
1.0 g/L Cd (II) + 1M HCl  
T= 20ºC; t= 10 min; θ=700 min-1 
 Aromatic diluents avoid the 
use of modifier (iso-decanol)  
Diluent Log D 
Exxsol D 100a 2.5 
Solvesso 100 3.0 
Toluene 3.2 
aand 5% v/v iso-decanol 
IMPREGNATED CARBON NANOTUBES SYSTEM 
Organic phase:  
10% v/v R3NH
+Cl- in Exxsol D100 and 5% v/v iso-decanol 
Aqueous phase: 
0.01-10 g/L Cd (II) + 1M HCl  
T= 20ºC; t= 10 min; θ=700 min-1 
Initial metal  
concentration (g/L) 
Log D 
0.01 3.0 
1.0 2.5 
10 0.9 
There is no appreciable difference in Cd (II) extraction with the total chloride 
concentration  
INITIAL Cd (II) CONCENTRATION EFFECT  
STIRRING SPEED 
Adsorbent dosage: 
 0.2 g 
Aqueous phase:  
0.01 g/L Cd (II) + 1M HCl  
T= 20ºC; t= 1 hour; θ= variable 
Stirring speed (min-1) % Cd (II) adsorption  
2000 70.5 
1000 70.5 
500 58.0 
250 48.5 
TEMPERATURE EFFECT 
Temperature (ºC) % Cd (II) adsorption  
20 70.5 
40 92.5 
60 98.5 
Adsorbent dosage:  
0.2 g.  
Aqueous phase:  
0.01  g/L Cd (II) + 1M HCl  
T= variable t= 1 hour; θ= 2000 cm-1  
Cd (II) adsorption increases with the increase of the temperature. ΔH°= 66 kJ/mol 
CONCLUSIONS 
IMPREGNATION OF CARBON NANOTUBES 
ADSORBENT DOSAGE 
Adsorbent dosage: 
variable  
Aqueous phase:  
0.01 g/L Cd (II) + 1M HCl  
T= 20ºC; t= 2 hour; θ= 2000 cm-1 
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 (R3NH
+Cl-)org  
100 ml organic solution  
(50% v/v R3NH
+Cl- in Solvesso 100) T= 20ºC, t= 24 h  
1 g pristine carbon nanotubes 
+ 
Filtered; washed with water; dry (T=80ºC)  
IMPREGNATED 
CARBON NANOTUBES 
aq_aqueous phase 
org-organic phase 
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Adsorbent dosage (g)
Carbon nanotubes impregnated with R3NH
+Cl- extract Cd (II) in a 89.0%:  
Adsorbent dosage 0.2 g  of carbon nanotubes impregnated with R3NH
+Cl- 
Aqueous phase: 0.01 g/L Cd 
T=20ºC, θ= t= 2 hours 
Pristine carbon nanotubes not adsorbed or removed Cd (II) in a aqueous phase 1 M   
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